SUMMARY To investigate the influence of maternal oestrogens on the fetal breast development, maternal urinary oestriol excretion, maternal plasma oestriol concentrations, and cord venous plasma oestradiol and oestriol concentrations were related to the size of the neonatal breast. A significant positive association between oestriol excretion and neonatal breast size was demonstrated, but the relationship was not strong and might be due to both measures having a positive relationship with birthweight. The infants' circulating concentrations of prolactin at birth and during the first weeks of life were also related to breast size. There was no cord venous-arterial difference in prolactin concentrations, and neither related to breast diameter. However there was a strong association between breast size and prolactin concentrations in mature infants aged between 5 and 7 days. In preterm infants breast tissue often develops after birth. Prolactin levels in preterm infants were higher between 2 and 6 weeks than they were in the first week of life. It would appear that the early development of the breast is influenced more by the infant's than the mother's endocrine activity.
The female breast reaches its maximal functional development during late pregnancy and the early puerperium when lactation is established. The factors which regulate the active proliferation of mammary tissue are not fully understood; however it is generally accepted that hormones secreted by the feto-placental unit play an important role.' Oestrogens appear to be responsible for development of the breast duct systems, and progesterone for that of the lobules and alveoli. Animal and clinical studies have suggested that many other hormones may be concerned including prolactin, growth hormone, adrenal steroids, insulin, and human placental lactogen. Lactation as opposed to gland proliferation is inhibited during pregnancy by the high levels of circulating progesterone; and it is the progesterone withdrawal which occurs about the time of delivery in association with a continuing increase in prolactin levels, which initiates milk secretion.
The endocrine factors which influence the development of fetal breast tissue are less clearly understood.2
It is commonly assumed that the breast enlargement and secretion of milk which is present in many newborn infants is due to the 'side' effects of pregnancy hormones especially oestrogens.3
However, there are a number of considerations which indicate that the infant's own endocrine system may be more directly involved. In the first part of this study we have taken the opportunity provided by the current practice of monitoring levels of oestrogens in maternal urine and plasma in late pregnancy to assess fetal well being, to relate maternal urinary oestriol excretion and levels of oestriol in maternal plasma to the breast development of the infant at birth. It is appreciated that oestriol is a fairly weak biological oestrogen,6 but its production in pregnancy does reflect that of oestradiol, which is the most biologically potent oestrogen. We have also related breast size at birth to circulating levels of oestriol and oestradiol in umbilical venous plasma.
Of the various hormones secreted by the fetus, prolactin, from what we know of its behaviour, 770 appears to be one which might play a major part in fetal breast tissue development and the release of milk from the neonatal breast. Prolactin levels in plasma are high at birth and in the first weeks of life.7 8 In some animals prolactin is an essential hormone for normal breast development;9 it is not known if this is also true in man, though it is necessary for the initiation of lactation.
In the second part of this study the association between prolactin levels and breast nodule size was investigated in term and preterm infants. In all the above, diameter of the breast nodule was measured in the first 48 hours of life by one investigator using the method previously described. 4 The prolactin level in heel-prick plasma of 12 infants, mean birthweight 2-9 kg (range 2 i to 4 3) and mean gestation 39 weeks (range 33 to 42), on the sixth day of life was related to breast diameter at this time. All the above infants were healthy at birth.
Plasma prolactin levels were also measured in 25 infants aged 2 to 12 weeks who had been admitted to hospital with acute illnesses. None had central nervous system or endocrine disease or was receiving drugs known to affect prolactin secretion, or was of low birthweight.
Serial estimations were made of prolactin levels in the plasma of 9 very low birthweight infants during the first 6 weeks of life. The mean birthweight and gestation of these subjects was Oestradiol and oestriol concentrations in umbilical cord plasma were measured by radioimmunoassay after extraction into diethyl ether, and evaporation of that solvent. The labelled hormones were tritiated, separated with Dextran-coated charcoal, and the bound fraction then counted in the liquid scintillation counter. Blood samples were obtained at the time of routine screening or monitoring procedures either by venepuncture or heelprick. The plasma prolactin concentrations were estimated in two assays by a specific double antibody radioimmunoassay using the Biodata prolactin kit (Serono Laboratories, UK Ltd). In this system an antihuman prolactin antibody is used and inter-and intra-assay variation is claimed to be less than 5%. As circulating levels of prolactin in the newborn infant are very high,6 7 only very small volumes of plasma were required for radioimmunoassay. Plasmas were stored at -200C until assay.
Results
There was a positive correlation between maternal urinary oestriol excretion and the breast diameter of the newborn infant (Fig. 1) . There was considerable variation however, and it was clear that higher levels of oestriol excretion (>120 ,umol per 24 hours) were not regularly associated with greater mean breast diameter in the infants. The level of oestriol in maternal plasma did not appear to correlate with newborn breast size although large breast nodules in infants (>10 mm) were not found in association with low maternal plasma oestriol (Fig. 2a) . Neither ( Fig. 2b) , oestriol ( Fig. 2c) (Fig. 3) . Mean prolactin level in paired cord arterial and venous specimens was similar, the venous-arterial difference did not differ significantly from zero. Prolactin levels in the 7 infants of diabetic mothers were 4-1, 10-1, 7-6, 7.3, 3-8, 6-5, and 4-1 x 103 mIU/1, all within the normal range.
Mean prolactin level in the infants of good birthweight declined sharply in the first 8 weeks of life and in only one infant did the level exceed 1000 group.bmj.com on September 30, 2017 -Published by http://adc.bmj.com/ Downloaded from mIU/l after age 1 month. In contrast, the prolactin level in infants of very low birthweights increased from a mean of 2056 mIU/l in the first week of life to 3821 mIU/l at age 2 to 6 weeks (Fig. 4) .
Discussion
The excretion of oestrogens in maternal urine in pregnancy increases with advancing gestation and is positively correlated with birthweight of the infant.5 The breast diameter of the newborn is also positively correlated with gestation and birthweight.4 It was not surprising therefore, that maternal oestrogen excretion and breast size of the newborn also correlated. However, the absence of a closer association in the subjects we have studied may be evidence that the feto-placental secretion of oestrogens, as reflected in maternal hormone levels, may have only a permissive effect on breast growth in the fetus and that higher oestrogen levels do not necessarily result in greater development. It is possible therefore, that the pronounced growth of the fetal breast in late gestation is to some extent independent of the maternal endocrine environment. The lack of correlation between hormone levels in umbilical cord plasma and newborn breast diameter may be due in part to acute changes in hormone concentrations occurring at the time of delivery.
Breast engorgement due to the spontaneous secretion of milk is common in mothers in the early puerperium and occurs even if breast feeding is not attempted,'2 and we have recently shown that this is often present in newborn infants too. 4 Hiba et al.13 have demonstrated that the onset of milk secretion after delivery in the mother and infant coincides with the decline in circulating sex steroid levels, in association with continuing increase in prolactin concentrations. The relationship we have found between the degree of breast engorgement in the newborn and the level of prolactin in plasma is further evidence that the immediate postnatal surge of activity in the newborn breast is mediated via the infant's secretion of prolactin and is not a passive effect of maternal hormones as is often suggested. Surprisingly, West and McNeilly12 were unable to find any clear endocrine basis for differences in degrees of breast engorgement experienced by nonbreast-feeding mothers.
Prolactin levels in the paired cord arterial and venous specimens were similar, which is consistent with the view that placental transfer of this hormone does not occur and is in agreement with the findings of Guyda and Friesen. 8 The results of this study have also confirmed previous reports that prolactin levels in newborn infants decline in the first weeks of life and reach normal childhood values by age 3 months.7 8 As levels of prolactin in fetal plasma increase 3-fold during the last trimester of pregnancy,7 it was not surprising that levels found in the first few days of life in the very immature infants were lower than values at birth or in the first week of life in more mature newborn infants. Of great interest however, was the absence of any decline in serial prolactin concentrations in the preterm infants during the first weeks of postnatal life. Hormone levels rose at this time. This finding is evidence that the pituitary glands of these infants continued to hypersecrete prolactin long after the withdrawal of feto-placental hormones. It is unlikely that the persisting increase in prolactin levels is a result of impaired metabolic clearance of prolactin. In a cross-sectional study of prolactin levels in early infancy, Guyda and Friesen8 also found that prolactin levels in preterm infants remained raised longer after birth than in term infants, although no details of the gestational ages of the subjects were provided. A sex difference was also found, levels of females being higher. Due to the small numbers, we are unable to comment on this aspect. Cornblath et al.14 have also reported that growth hormone levels in preterm infants were higher than in term infants in the first weeks of life. Interestingly, growth hormone and prolactin are structurally similar, and both are stress hormones.15
However, stress rarely produces pronounced increases in prolactin levels, and in late pregnancy in the mother prolactin concentrations are less influenced by stress than in the non-pregnant state.
Although the effects of stress and illness on prolactin secretion in early life are not known, we feel that it is unlikely that these factors could have been responsible for the different patterns of prolactin secretion shown by plasma levels in preterm and term infants in the early months of postnatal life. Also, as the secretion of prolactin after birth in preterm infants continues at a high level it is possible that the hypersecretion in utero is also independent of the maternal endocrine environment.
Prolactin is an important mammotrophic hormone in some animals,9 and possibly in man also. For the initiation of lactation in mothers however, high levels of circulating prolactin are essential. We have previously shown that in preterm infants breast tissue may develop and become palpable after birth and that the secretion of milk may start some weeks after delivery, long after the disappearance of pregnancy hormones from the circulation.4 As the present study has shown that levels of prolactin appear to be physiologically increased at this time, it is likely that prolactin is involved in this postnatal phase of breast activity in preterm, as well as in more mature newborn infants. 
